Background: Spinal fusion is the most rapidly increasing type of lumbar spine surgery for various lumbar degenerative pathologies. The surgical treatment of lumbar spine degenerative disc disease may involve decompression, stabilization, or arthroplasty procedures. Lumbar disc athroplasty is a recent technological advance in the field of lumbar surgery. This study seeks to determine the clinical impact of anterior lumbar disc replacement on the surgical treatment of lumbar spine degenerative pathology. This is a retrospective assessment of the Nationwide Inpatient Sample (NIS). Methods: The NIS was searched for ICD-9 codes for lumbar and lumbosacral fusion (81.06), anterior lumbar interbody fusion (81.07), and posterolateral lumbar fusion (81.08), as well as for procedure codes for revision fusion surgery in the lumbar and lumbosacral spine (81.36, 81.37, and 81.38). To assess lumbar arthroplasty, procedure codes for the insertion or replacement of lumbar artificial discs (84.60, 84.65, and 84.68) were queried. Results were assayed from 2000 through 2008, the last year with available data. Analysis was done using the lme4 package in the R programming language for statistical computing. Results: A total of nearly 300,000 lumbar spine fusion procedures were reported in the NIS database from 2000 to 2008; assuming a representative cross-section of the US health care market, this models approximately 1.5 million procedures performed over this time period. In 2005, the first year of its widespread use, there were 911 lumbar arthroplasty procedures performed, representing 3% of posterolateral fusions performed in this year. Since introduction, the number of lumbar spine arthroplasty procedures has consistently declined, to 653 total procedures recorded in the NIS in 2008. From 2005 to 2008, lumbar arthroplasties comprised approximately 2% of lumbar posterolateral fusions. Arthroplasty patients were younger than posterior lumbar fusion patients (42.8 ± 11.5 vs. 55.9 ± 15.1 years, P < 0.0000001). The distribution of arthroplasty procedures was even between academic and private urban facilities (48.5% and 48.9%, respectively). While rates of posterolateral lumbar spine fusion steadily grew during the period (OR 1.06, 95% CI: 1.05-1.06, P < 0.0000001), rates of revision surgery and anterior spinal fusion remained static.
INTRODUCTION
The management of lumbar degenerative pathology with surgical treatment continues to increase, accounting for a significant expenditure of health care resources. [14] Spinal fusion surgery is the most rapidly increasing type of lumbar spine surgery. The number of lumbar fusions performed in the United States increased over 113% from 1996 to 2001. [8] While surgical treatments of lumbar pathologies are becoming more common, the clinical impact of the various treatments has been questioned. [10] Significant increases in health care expenditures and technological advances may not correlate with improved patient outcomes. [9] The United States Food and Drug Administration (FDA) approved the Depuy Charité LDR device in 2004 and the Synthes ProDisc device in 2006.
The clinical and economic impact of lumbar disc arthroplasty device introduction in the United States has yet to be determined. It was predicted that arthroplasty procedures in the cervical and lumbar spine could account for nearly 50% of spine stabilization procedures. [20] The Nationwide Inpatient Sample (NIS) maintained by the Agency for Healthcare Research and Quality (AHRQ) is the largest collection of hospital inpatient care and cost data in the United States, including data from a variety of payers. [1] [2] [3] [4] [5] The NIS was developed as part of the Healthcare Cost and Utilization Project (HCUP), a federal, state, and industry partnership sponsored by the AHRQ. As of 2008, the NIS contains all discharge data from 1056 hospitals located in 42 states, a stratified sample representing approximately 20% of US hospitals.
This study seeks to determine the impact of lumbar arthroplasty on the rate of lumbar spine fusion and to determine the population-based clinical implications of the introduction of lumbar arthroplasty on US patients. Since its introduction, lumbar arthroplasty devices have had a minimal impact on overall rates of lumbar spine surgery in the United States.
MATERIALS AND METHODS
NIS databases were obtained from the AHRQ's Healthcare Cost and Utilization Project. Results were assayed from 2000 through 2008, the last year with available data. Hospitalization patient records were cross-matched by ICD-9 codes for posterior lumbar and lumbosacral fusion (81.08), anterior approach to the lumbar spine and anterior lumbar interbody fusion (ALIF, 81.06), and posterolateral intertransverse process lumbar fusion (81.07). ICD-9 procedure codes for revision fusion surgery in the lumbar and lumbosacral spine were separately assessed (81.36, 81.37, and 81.38).
To assess lumbar arthroplasty, procedure codes 84.60 (insertion and replacement of artificial discs, NOS), 84.65 (insertion and replacement of lumbar and lumbosacral total artificial disc prosthesis), and 84.68 (removal of partial or total lumbosacral spinal disc prosthesis with synchronous insertion of new spinal disc prosthesis and repair of previously inserted lumbosacral spinal disc prosthesis) were queried. Results were imported into a MySQL database for querying. Analysis was done using the lme4 package in the R programming language for statistical computing, R version 2.11.0 and lme4 version 0.999375-33, both available under the GNU public license (http://www.cran.r-project.org.) While the number of fusion cases continued to increase until 2008, the number of lumbar arthroplasty operations decreased by 28% over the same period. Figure 2 depicts lumbar arthroplasty as a percent of lumbar posterior fusions performed over the study time period. Lumbar arthroplasty consistently comprised less than 2% of index posterior lumbar spine procedures performed over the period.
RESULTS
Over the period assessed, the number of revision surgeries remained static, while the number of index surgeries grew significantly [ Figure 3 ]. The number of anterior spinal fusion cases remained stable relative to the total number of spinal fusion procedures, accounting for a consistent average of 19% of spinal fusion procedures over the 9-year study period.
DISCUSSION
The advantage of lumbar arthroplasty over conventional fusion is its potential to preserve joint motility. [27] Proponents of arthroplasty argue that eliminating the need for an arthrodesis procedure may decrease the risk of adjacent segment disease and may limit some of the late complications of fusion surgery. It was anticipated that the introduction of lumbar arthroplasty techniques would herald a transformation of lumbar spinal surgery from posterior, arthrodesis procedures to anterior, motion preservation approaches. [23] 
Surgery for degenerative disc disease
Degenerative disease is the most common surgical indication for low back pain surgery in the United States. [1] The most common surgical approach for this condition has been spinal fusion, which involves removing diseased discs and using bone graft, autograft, allograft, or synthetic graft to stabilize the spine. Over 150,000 lumbar fusion surgeries are performed in the United States alone every year. [7, 8] The rate of lumbar fusion increased, especially in the 1990s, following the availability of new surgical implants for spinal fusion. [8, 12] 
Lumbar disc arthroplasty
The Charité artificial disc achieved an FDA approval for spinal arthroplasty in patients aged 18-60 with degenerative disc disease at one level from L4-S1. Prodisc-L was approved in the same age group from L3-S1. The FDA IDE trial of the Charité artificial disc was the first prospective, randomized, controlled, multicenter study of two different surgical treatments for degenerative disc disease of the spine.
Since the FDA approval of these agents, early experience with lumbar arthroplasty has been mixed. [6, 11, 18, 21, 26] Limited long-term follow-up studies demonstrate high rates of revision surgery, explantation surgery, and secondary fusions, although these complications may be linked to incorrect preoperative indications or suboptimal operative technique. [13, 25] 
RESULTS
The impact of lumbar arthroplasty upon the overall spine market has been limited, with lumbar disc arthroplasty comprising less than 2% of lumbar spine stabilization procedures performed in the United States from 2005 to 2008. The same time period has seen a steady increase in the number of spine fusion procedures performed. [8] 
Challenges to the adoption of lumbar arthroplasty
Growth of lumbar disc arthroplasty in the United States has been slow since the FDA approval of lumbar arthroplasty agents. Clinical trials and follow-up studies of the use of lumbar arthroplasty have shown that these devices are not inferior when compared with the standard spinal fusion practices. The limited eligibility of patients, the lack of long-term clinical outcomes after TDA, the unfamiliarity of neurosurgeons and orthopedic surgeons with the devices, the absence of health insurance support, and the popularity of spinal fusion techniques may be some reasons that contribute to the poor adoption of lumbar arthroplasty.
It is unclear if the addition of more arthroplasty agents will favor lumbar disc replacement surgeries. A recent report described 18 lumbar disc arthroplasty designs pending an FDA approval. [16] New implant devices are expected to offer an improved design with an improved stability and less invasive implantation. The clinical impact of the introduction of new approaches to lumbar arthroplasty is similarly unknown. [17] The rigid eligibility criteria of the FDA IDE trial might contribute to the slow adoption of lumbar arthroplasty devices. Simmons et al. noted that of 252 patients who underwent lumbar surgeries, only about 16 patients, 6.3%, were potential candidates for disc replacement surgery. [19] The lack of a clear revision strategy is another challenge facing anterior arthroplasty procedures. Fear over the risks involved in the case of a revision retroperitonal approach may limit enthusiasm for anterior approaches to lumbar disc replacement. [22] A recent survey study involving orthopedic and neurosurgical spine surgeons revealed a decreasing interest in lumbar arthroplasty when compared with cervical arthroplasty. The lack of enthusiasm was attributed to questions concerning long-term outcomes and perceived difficulties in obtaining financial compensation from insurance companies. [24] The adoption of lumbar disc arthroplasty might have been limited by the lack of payer coverage for the procedure. Age limitations in the initial clinical trials led to a noncoverage decision by the Center for Medicare Services (CMS) for this technology. [15] Although the majority of patients in the Medicare age group would not be appropriate candidates for the TDA technology, this decision was followed by similar noncoverage decisions by many private insurance organizations, making it difficult to obtain coverage even for appropriate candidates for disc arthroplasty.
